organ-specific autoantibody responses were studied in 82 Japanese patients with Type 1 (insulin-dependent) diabetes. HLA-DRw9 antigen and HLA phenotype of DRw9/X (X: not DR4) were increased in patients with organspecific autoantibodies other than islet cell antibody (CP<0.02, RR=4.02 and p<0.05, RR=2.30, respectively); whereas HLA-DR4 antigen and HLA phenotype of DR4/X (X: not DRw9) were increased in those without the autoantibodies (CP < 0.001, RR = 3.95 and p < 0.01, RR = 2.46, respectively). HLA haplotype of Bw61-DRw9 was increased in patients with the autoantibodies (p <0.005, RR=4.94), and HLA haplotype of Bw54-DR4 was increased in those without the autoantibodies (p < 0.001, RR= 5.52). The relative risk of HLA-DR4/DRw9 was the highest among all HLA-DR phenotypes or genotypes in patients either with or without the autoantibodies. No association was, however, found between the incidence of islet cell antibody and HLA-DR phenotypes. These findings suggest that Type 1 diabetes among Japanese is immunogenetically heterogeneous as is Type 1 diabetes among Caucasians; and the differences in HLA-association of Type 1 diabetes among ethnic groups might give a clue to understanding of a role of HLA-antigens in the development of Type 1 diabetes.
Summary. HLA phenotypes and haplotypes in relation to
organ-specific autoantibody responses were studied in 82 Japanese patients with Type 1 (insulin-dependent) diabetes. HLA-DRw9 antigen and HLA phenotype of DRw9/X (X: not DR4) were increased in patients with organspecific autoantibodies other than islet cell antibody (CP<0.02, RR=4.02 and p<0.05, RR=2.30, respectively); whereas HLA-DR4 antigen and HLA phenotype of DR4/X (X: not DRw9) were increased in those without the autoantibodies (CP < 0.001, RR = 3.95 and p < 0.01, RR = 2.46, respectively). HLA haplotype of Bw61-DRw9 was increased in patients with the autoantibodies (p <0.005, RR=4.94), and HLA haplotype of Bw54-DR4 was increased in those without the autoantibodies (p < 0.001, RR= 5.52). The relative risk of HLA-DR4/DRw9 was the highest among all HLA-DR phenotypes or genotypes in patients either with or without the autoantibodies. No association was, however, found between the incidence of islet cell antibody and HLA-DR phenotypes. These findings suggest that Type 1 diabetes among Japanese is immunogenetically heterogeneous as is Type 1 diabetes among Caucasians; and the differences in HLA-association of Type 1 diabetes among ethnic groups might give a clue to understanding of a role of HLA-antigens in the development of Type 1 diabetes.
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It is well established that immunogenetic factors are involved in the development of Type 1 (insulin-dependent) diabetes. The immunogenetic heterogeneity in Type I diabetes among Caucasians has been proposed based on an HLA-association with autoimmune responses, including islet cell antibody (ICA) production [1] [2] [3] and viral infections [4] , while lack of HLA association with the heterogeneity in Type 1 diabetes has also been reported . It is known that there are a few epidemilogical differences between Type 1 diabetes among Japanese and Caucasians: the prevalence of Type 1 diabetes is as low as one in 10,000 children; girls are 1.6-fold more frequently affected than boys and the incidence of Type 1 diabetes in patients' relatives is less than 5% among Japanese [9] . The immunogenetic features of Type 1 diabetes among Japanese, however, are not well described yet [10] [11] [12] [13] [14] . In this study, we investigated HLA phenotypes and haplotypes in relation to autoantibody responses among Japanese Type 1 diabetic patients in order to compare immunogenetic bases for Type 1 diabetes between Japanese and Caucasians and elucidate a role of HLA-antigens in the development of Type 1 diabetes.
Subjects and methods
Eighty-two Japanese families of patients with Type t diabetes participated in this study after informed consent was obtained. One patient was randomly chosen for the study when there were two or more Type t diabetic patients in a family. Fifty-seven of 82 patients were female and 25 were male, ranging in age from 5 to 34 years. Their age of onset of the disease was 9.4+3.6 (SD) years, ranging from 1.4 to 18.0years. Normal control subjects were 150healthy unrelated Japanese volunteers.
HLA typing for A, B, C and DR loci was done by the standard microcytotoxicity technique [15] , using the 9th International Histocompatibility Workshop typing sera or local sera standardised against these sera. As family members of normal control subjects were not typed for HLA, the distributions of HLA haplotypes and HLA-DR genotypes in Japanese normal control subjects were cited from the data of the 8th Japan HLA Workshop [16] , after HLA antigen frequencies in the data of the 8th Japan HLA Workshop and those in the present study were confirmed to be compatible with each other (Table 1) .
The organ-specific autoantibodies and ICA were measured in all Type 1 diabetic patients: antithyroglobulin antibody (ATGA) and antithyromicrosome antibody (ATMA) by the haemoagglutination method, antiadrenal antibody (AAA) and antigastric antibody (AGA) by the indirect immunofiuorescence ~echnique, and ICA by the indirect immunofluorescence technique using frozen slices of human group 0 pancreata as described previously [14] . The cutoffs were x 100 for ATGA, x 400 for ATMA, x 40 for AGA, x I for AAA and 5 JDF units for ICA. The prevalence of ATGA, ATMA, AGA and AAA in the normal population of Japanese until 35 years of the age were 0% (0/60), 1.7% (1/60), 1.7% (1/60) and 0% (0/100), respectively. Our laboratory was ranked as [A] in precision of ICA assay by the third international (stage 3) workshop on the standardisation of cytoplasmic islet cell antibodies; sensitivity was 90% and specificity was 92% [17] .
Statistical analysis
The statistical differences in the frequencies of HLA antigens, HLA haplotypes, HLA-DR genotypes and incidence of ICA were assessed by Fisher's exact test. The Fisher's p values for HLA antigen frequencies were further corrected by the number of specificities of HLA antigens tested (CP).
Results

HIM phenotypes
HLA-A, B, C and DR antigen frequencies were determined in 82 Type 1 diabetic patients and they were compared with those in 150 normal control subjects; selected HLA antigen frequencies are presented in Table 2 . The antigen frequencies of HLA-Cwl, Bw54, DR4 and DRw9 were significantly increased (CP < 0.001, RR-----3.29, CP < 0.001, RR---3.29, [16] ; AF= antigen frequencies, n =num-ber of patients studied; NS = not significant CP < 0.001, RR = 3.43 and CP < 0.03, RR = 2.29, respectively); and those of HLA-Bw52, Bw62 and DR2 were significantly decreased (CP < 0.002, RR = 0.16, CP<0.005, RR=0.17 and CP<0.001, RR=0.10, respectively) in Type i diabetic patients. The patients who were positive for one or more organ-specific autoantibodies other than ICA had a significantly high antigen frequency of HLA-DRw9 (CP< 0.02, RR= 4.02); whereas the patients who were negative for any of the autoantibodies had significantly high antigen frequencies of HLA-Cwl, Bw54 and DR4 (CP<0.001, RR= 3.52, CP < 0.005, RR= 3.82 and CP < 0.001, RR=3.95, respectively) ( Table 2 ). Patients were then classified into 4 groups according to HLA-DR phenotypes; those positive for DR4 but negative for DRw9 (DR4/X), those positive for DRw9 but negative for DR4(DRw9/X), those positive for both DR4 and DRw9 (DR4/9) and those negative for either DR4 or DRw9 (DRX/X). HLA phenotype of DRw9/X was significantly increased in patients with the autoantibodies compared with that in control subjects (p < 0.05, RR = 2.30), and HLA phenotype of DR4/X was significantly increased in those without the autoantibodies (p < 0.01, RR = 2.46), while HLA phenotype of DR4/9 was most increased in patients either with or without the autoantibodies (p < 0.05, RR= 3.51 and p < 0.05, RR=2.77) ( Table 3 ). The incidences of organ-specific autoantibodies other than ICA in Type I diabetic patients and their HLA-DR phenotypes are presented in Table 4 . The incidence of the autoantibodies was 36.8% (21/57) in female patients, which was significantly greater than the value of 12.0% (3/25) in male patients (t9 < 0.02). There was no significant association between the incidence of ICA and HLA phenotype of DRw9 or DR4 (Table 5) .
HLA haplotypes and HLA-DR genotypes
HLA-B and DR haplotypes and HLA-DR genotypes were determined in 72 Type 1 diabetic patients, and they were compared with those of 377 normal control a Auto Ab = organ-specific autoantibodies other than ICA; RR = relative risk; DR4/X = positive for HLA-DR4 but negative for HLA-DRw9, DRw9/X = positive for HLA-DRw9 but negative for HLA-DR4, DR4/9 = positive for both HLA-DR4 and DRw9, DRX/X = negative for either HLA-DR4 or DRw9; n = number of patients studied; NS = not significant; All comparisons were made against control subjects subjects obtained from the data of the 8th Japan HLA Workshop [16] . The HLA haplotypes of Bw61-DRw9 and Bw54-DR4 were significantly increased in Type 1 diabetic patients (p<0.01, RR=2.64 and p<0.001, RR = 4.76, respectively). The HLA haplotype of Bw61-DRw9 was increased in the patients with organ-specific autoantibodies other than ICA (p < 0.005, RR= 4.94) while the HLA haplotype of Bw54-DR4 was increased dominantly in the patients without the autoantibodies (t7 < 0.001, RR= 5.52) ( Table 6 ). The relative risk (RR) of HLA-DRw9/DR4 was the highest among 6 HLA-DR genotypes (DRw9/X, DRw9/DRw9, DRw9/DR4, DR4/DR4, DR4/X and X/X; X is neither DRw9 nor DR4) in Type 1 diabetic patients either with or without the autoantibodies (p < 0.005, RR= 6.65 and p < 0.001, RR=5.25, respectively) ( Table 6 ). The incidence of organ-specific autoantibodies other than ICA was 60% (3/5) in patients with HLA-DRw9 homozygously, 38.7% (12/31) in patients with HLA-DRw9 heterozygously and 25.0% (9/36) in patients without HLADRw9, although this variation of the icidence of the autoantibodies among 3 groups of patients was not statistically significant (Table 6) .
Discussion
The present study has shown that HLA-DR4 and HLADRw9 are associated with Type I diabetes among Japanese. This is in line with previous studies reporting that HLA-DR3 and HLA-DR4 were strongly associated with Type I diabetes among Caucasians [18] [19] [20] , except that HLA-DRw9 found in Japanese patients was substituted for HLA-DR3 in Caucasian patients. The previous studies failed to show the association of HLADRw9 with Type 1 diabetes among Japanese [13, 14] . The reason for this might be that Type 1 diabetic patients were not classified into those positive and negative for autoantibodies other than ICA in the previous studies [13, 14] . The number of autoantibodies positive patients is far less than that of autoanfibodies negative patients among Japanese [21] , and therefore, an increase in HLA-DRw9 found in autoantibodies positive patients might not be obvious if HLA-DR association is a Auto Ab=autoantibodies other than ICA; ATGA=antithyro-globulin antibody, ATMA=antithyromicrosome antibody, AGA= antigastric antibody, AAA = antiadrenal antibody; DR4/X = positive for HLA-DR4 but negative for HLA-DRw9, DRw9/X=positive for HLA-DRw9 but negative for HLA-DR4, DR4/9=posifive for both HLA-DR4 and DRw9; n =number of patients studied b p < 0.02 (male vs female) DR4/X~positive for HLA-DR4 but negative for HLA-DRw9, DRw9/X=positive for HLA-DRw9 but negative for HLA-DR4, DR4/9 = positive for both HLA-DR4 and DRw9 analysed in Type 1 diabetic patients in general. Recently, HLA-DR4 and DRw9 have been reported to be associated with Type I diabetes among Orientals including Japanese [22] , which is in accord with the present study. The difference in HLA-DR phenotypes between Japanese and Caucasian Type 1 diabetic patients -HLA-DRw9 among Japanese and HLA-DR3 among Caucasians -is not likely to result from the difference in the nature of Type 1 diabetes between these two races, since there are no clinical differences in Type 1 diabetes between the two races, although the prevalence of a Auto Ab=organ-specific autoantibodies other than ICA; b cited from the data of the 8th Japan HLA Workshop [16] ; RR=relative risk; NS = not significant; X = neither DRw9 nor DR4; n = number of patients studied; All comparisons were made against control subjects Type 1 diabetes is lower by 10-to 30-fold in Japanese than in Caucasians [9] . Similarly, HLA-DR3 and HLADRw9 have recently been reported to be associated with Type 1 diabetes among Chinese, which are also different from HLA types of Caucasian patients [23] . Myasthenia gravis, which is an autoimmune disease directed to acetylcholine receptors of the neuromuscular junction, is similar in that its HLA-association varies among different ethnic groups; HLA-DR2 and DR3 in Caucasians [24] , HLA-DR4 in Chinese [25] , and HLADRw8 and DRw9 in Japanese [26] . These ethnic differences in HLA-association with Type I diabetes or myasthenia gravis might be derived from the difference in the distribution of HLA-DR antigens among the general population of the races; the prevalence of HLA-DR3 antigen is negligibly low not only in Type 1 diabetic patients but also in normal subjects, among Japanese as shown in the present study and previous studies [13, 14, 16] , while it is considerably high even in the general population of Caucasians [18] [19] [20] and Chinese [23, 25] . In this study, we found that HLA phenotype of DRw9 and HLA haplotype of Bw61-DRw9 were increased in Type 1 diabetic patients who had organspecific autoantibodies other than ICA; whereas HLA phenotype of DR4 and HLA haplotype of Bw54-DR4 were increased in those who did not have any autoantibodies. Furthermore, there were a high tendency of correlation between positivity of the autoantibodies and HLA phenotypes of DR4/X and DRw9/X(X2=2.02, p--0.15) and a significant correlation between positivity of the autoantibodies and HLA haplotypes of Bw54-DR4 and Bw61-DRw9 (X2--4.19, p ---0.04) in Japanese Type 1 diabetic patients. HLA types do not associate with autoantibody status (ATGA, ATMA, AGA, AAA) in the Japanese normal population [Mimura G.-unpublished data] and HLA-DRw8 but not HLA-DRw9 is associated with autoantibody responses in Japanese patient with myasthenia gravis [26] . Therefore, differences in autoantibody frequency based on HLA shown in this study is not considered to represent a phenomenon seen in the normal population but to be a specific phenomenon seen in Type 1 diabetic patients. These findings indicate that a distinction between polyendocrine autoimmune Type 1 diabetes and normal Type 1 diabetes can be made on the basis of HLA-DR phenotypes and/or HLA haplotypes. This is compatible with previous findings in Caucasians that Type I diabetic patients with HLA-B8/DR3 had a higher incidence of autoimmune diseases or autoantibodies than those with HLABa5/DR4 [1] [2] [3] . Contrary, there have been studies reporting lack of HLA ,association with polyendocrine autoimmunity in Type 1 diabetic patients of Caucasians [7, 8] . The reason for this discrepancy is not apparent. But the distinct immunogenetic heterogeneity in myasthenia gravis based on HLA types and autoimmune responses supports an idea that different immunogenetic bases underlie the autoimmune diseases such as myasthenia gravis and Type 1 diabetes [24, 26] .
Recently, it has been shown by a highly sensitive assay method for ATGA that a very low but significant titer of ATGA is detected in 38% of normal subjects [27] . The quantitative assessment of the relationship between autoantibody status and HLA types by a sensitive assay method may solve a discrepancy of data on it. The present study showed no association between HLA types and incidence or persistence of ICA in Japanese Type 1 diabetic patients. This confirms a previous study on ICA in Japanese TYpe 1 diabetic patients [14] and agrees with studies reporting no association between HLA types and persistence of ICA amongst Type 1 diabetic patients of Caucasians [5, 6] . These are conflicting with the earlier studies reporting the association of HLA-B8/DR3 with prolonged persistence of ICA amongst Type I diabetic patients of Caucasians [1] [2] [3] . The reason for the discrepancy is again not apparent, but the improvement of the precision of ICA assays might be one of possible explanations for the discrep-ancy of data among groups of investigators [17] . Furthermore, it was reported that Type I diabetic patients positive for HLA-DR4 had a more severe clinical picture, a more frequent history of viral infection and a higher incidence of antibodies to Coxsakie-B virus than those negative for HLA-DR4 [4] . These findings in Japanese, as well as in Caucasians, suggest heterogeneity in the immunogenetic backgrounds unterlying Type 1 diabetes and the existence of two or more susceptibility genes for Type 1 diabetes. One gene linked to HLA-DRw9 in Japanese or HLA-DR3 in Caucasians might be involved in the regulation of the immune system and another gene linked to HLA-DR4 in both races might be related to some other unknown functions. This is supported by the fact that the relative risk of HLADRw9/DR4 heterozygote or HLA-DR3/DR4 heterozygote is the highest among the related HLA-DR genotypes in Japanese or Caucasian Type 1 diabetic patients [18] [19] [20] 28] .
In the present study, there was a great increase in the frequency of HLA genotype of DR4/DRw9 but only a small increase in the frequencies of other HLA genotypes in Type 1 diabetic patients. This brings a difficulty in the interpretation of an increase in HLA-DRw9 and DR4 antigens in patients with and without the autoantibodies. But the percentages of patients who had HLA genotype of DR4/DRw9 was only 22%, and therefore, other HLA genotypes could contribute to an increase in HLA-DRw9 and DR4 antigens among Type I diabetic patients. In fact, relative risk of HLA phenotypes of DRw9/X(X: not DR4) and DR4/X(X: not DRw9) were fairly high in Type I diabetic patients with and without the autoantibodies (Table 3) . As the number of subjects was not large enough to analyse HLA genotypes in this study, a larger scale of investigations may solve this problem.
Recently, the polymorphism of a gene for the HLA-DQ [~-chain has been demonstrated among Caucasian Type 1 diabetic patients by using DNA-restricting enzymes and complementary DNA probes for the HLA-DQ [3-chain [29-311. More recently, fragments of DNA for the HLA-DQ [3-chain linked to HLA-DR3 and HLA-DR4, which show polymorphism in Type 1 diabetic patients, have been cloned [32] and residue 57 of HLA-DQ [3-chain has been demonstrated to be responsible for an autoimmune response against B cells [33] . It is thus claimed that a HLA-DQ gene is closer to Type 1 diabetes susceptibility gene(s) than a HLA-DR gene. So far as Type 1 diabetes among Japanese is concerned, further studies are necessary. It has also been recently reported that the combination of the HLA-DQ ~z-chain from DQw2 and the HLA-DQ [3-chain from HLA-DQw3 on a HLA-DQ molecule (transcomplementation) is demonstrated in a Caucasian Type 1 diabetic patient, and this transcomplementation of HLA-DQ molecule is suggested to contribute to the high prevalence of Type1 diabetes with HLA-DR3/DR4 since HLA-DR3 is linked to HLA-DQw2 and HLA-DR4 to HLA-DQw3 [34] . Although the prevalence of Type I diabetes with HLA-DRw9/DR4 is high in Japanese as well, the transcomplementation of the HLA-DQ a-and [3-chain is unlikely in Japanese Type 1 diabetic patients since both HLA-DRw9 and HLA-DR4 show a linkage disequilibrium with HLADQw3 [35] . In fact, HLA-DQw3 is found in most Japanese Type 1 diabetic patients with HLADRw9/DR4, but neither HLA-DQwl nor HLA-DQw2 is found in them (unpublished data) although sub-typing of HLA-DQw3 may reveal the different HLA-DQ linkage disequilibriums between HLA-DR4 and HLADRw9 in Japanese. Further comparisons of the HLA-DQ c~-and 13-chain between Japanese and Caucasians might elucidate a role of transcomplementation of the HLA-DQ 0c-and [~-chain in the development of Type 1 diabetes and give a further ,clue to understanding of HLA-associated pathogenic mechanisms for Type 1 diabetes.
